Animal welfare assessment has undergone considerable development. The management and rearing of big cats may lead these animals to express behavioral problems. This study was performed to assess the well-being of a non-breeding pair of Siberian tigers using ethological and physiological parameters. During the day, the animals were kept together in the outdoor exhibit, whereas overnight the tigers were individually housed. Twenty 45-min sessions were run for each subject. The Focal Animal Sampling method was used to record individual and social behaviors. In addition, fecal cortisol levels were monitored and determined by enzyme immunoassay. Single case analysis was run to analyze behavioral data and cortisol levels. Findings highlight that species-specific behaviors were performed by both animals. However, significant differences between the two tigers were observed in stress-related behaviors: the female showed stereotypic behavior, whereas the male did not. No significant differences in fecal cortisol levels were observed. Results suggest that the ethological parameters could be more sensitive than the physiological ones in detecting a stressful condition. Analyzing behavioral data together with physiological stress markers may allow for a more complete assessment of animal welfare.
INTRODUCTION
Animal welfare assessment is becoming increasingly important for zoo animals and even more so for hand-reared individuals in whom this evaluation is essential (23) . In the eighties, animal welfare was defined as "a state of complete health, both physical and mental, in which the animal is in harmony with its environment" and therefore, closely related to the ability of the individual to cope with the environment (8) . This in turn is closely related to the concept of stress, initially defined by Selye as the "General Adaptation Syndrome" (50) . More recently, stress has been considered as an environmental effect on an individual, which over-taxes its control systems and reduces its fitness or seems likely to do so (10, 11, 12) . In order to identify the most effective methods to assess animal welfare, it is essential to be able to recognize potential problematic situations, and when necessary, intervene in order to improve the welfare of the animal. The captive environment may lead to the expression of stereotypies in many animals, such as carnivores or primates (29, 33, 53, 57) . In particular, species that typically occupy large home ranges in the wild are much more susceptible to welfare problems when housed in captivity (15) . Indeed, felines are particularly prone to show abnormal behaviors, such as stereotypies, apathy or aggression (13) . Tigers (Panthera tigris) are one of these species (29, 58) . In particular, several elements may influence the behavior and therefore, the welfare of tigers housed in captivity. Bashaw et al. showed that these animals tend to display more pacing -i.e. walking repetitively back and forth in a particular pattern in its enclosure (22) -when kept in a small exhibit than when housed in larger areas (5) . In addition, pathological changes in the behavior of captive tigers were observed in relation to feeding routines and methods of food display, for example the variation of the place for meal provision (4) . The social environment is another fundamental element. Indeed, the influence of the social environment on the state of well-being of an individual depends on whether the animal itself has been parent-reared or hand-reared (23, 31) . Nowadays in modern zoos, hand-rearing techniques are used only in cases of emergency, when there is no alternative (42) . In particular, five categories of factors that may justify the decision to hand-rear may be recognized: environmental, social, and health factors, conditioning, and preventative medicine (42) . It is well known that in the absence of early social contact, young primates may exhibit abnormal behaviors, such as abnormal reproductive behavior (6, 18, 21, 26, 32) , deficits in maternal behavior (45) , self-sucking and stereotypic rocking (30, 37) . Currently, some protocols have been proposed for hand-rearing techniques used with apes; however, very little information regarding these techniques in carnivores is available in literature (25) . In particular, hand-rearing exotic carnivores may compromise the development of normal behavior (31) . Indeed, proper socialization with conspecifics seems to be particularly important and could take up to three years (43, 44) . Indeed, independently of whether socialization occurs at a later stage, these animals may develop behavioral problems, such as fear or aggression around conspecifics, lack of conspecific play, difficulty with reproduction and fixation on humans (25, 31) . For this reason, in the case of hand-rearing exotic carnivores, it is crucial to provide young animals with enrichment and interactions with conspecifics (25, 31) . Regarding tigers, parental rearing is preferred. In fact, when the cubs remain with their mothers, the benefits for the offspring are numerous, as among which nutritional, developmental and behavioral benefits (19, 25, 31) . However, sometimes hand-rearing is necessary. As for other species, this need may arise due to various factors, such as animals giving birth in unsuitable areas, excessive noise, or high levels of intervention in the first postpartum period (20, 25, 43, 44) . A major challenge for hand-reared animals is the development of normal social behavior. The animal's behavior may indeed be profoundly affected by handrearing during the socialization period (31) . Currently, the assessment of animal welfare is carried out using two methods: the ethological method or the physiological strategy. The first method consists in the observation of the qualitative and quantitative behavior of the animals, in particular assessing the expression of species-specific behaviors as well as any pathological behavioral responses (23) . Whereas the physiological approach provides for the monitoring of the animal's biological function. Most studies on animal welfare choose to examine endocrine function because hormones mediate the animal's reaction to stressful situations. In particular, the measurement of cortisol and its metabolites has long been recognized as a reliable indicator of adrenal function and thus provides information on the animal's stress response (23) . However, the most comprehensive strategy to assess animal welfare in a controlled environment seems to be the adoption of both methods, integrating the results. Indeed, relying upon only one approach has its limitations (23) . There is a dearth of published literature regarding the use of both physiological and ethological approaches to assess the level of welfare of tigers kept in captivity. The purpose of this study was to assess the level of welfare of two Amur tigers (Panthera tigris altaica) housed at the Parco Natura Viva Zoological Park in Bussolengo (Verona, Italy) by analyzing both ethological and physiological parameters. In particular, when using the ethological method, both the individual and social behaviors of the animals were evaluated, while with the physiological approach, fecal cortisol metabolites were assessed.
MATERIALS AND METHODS

Animals and Housing Conditions
This study was performed between June 2012 and September 2012 at the Parco Natura Viva Zoological Park in Verona, Italy. The study was conducted on two Amur tigers: one male and one female. Both subjects were born in captivity. The 7-year old male that came from Vienna was parent-reared, whereas the 8-year old female that came from the Czech Republic was hand-reared. Furthermore, contraception was given to the female. In particular, two 10 mg deslorelin (GnRH agonist) subcutaneous implants (Suprelorin®, Peptech Animal Health, Australia) were used. The contraceptive implant was applied on 31st December 2010. As noted by Munson, 10 mg implants have proved to be effective for up to 2 years in cats housed in zoos (The American Zoo and Aquarium Contraception Advisory Group, AZA CAG, recommendations) (35) . Both animals were fed with white and red meat six days a week, and one day of fasting was planned for both subjects every week. The tigers' enclosure consisted of an outdoor area exhibited to the public, and an off-view exhibit area divided into two separate enclosures each with an indoor and an outdoor area. Overnight, the cats were housed individually in the off-view area of the enclosure, whereas during daylight hours (from 8. 
Behavioral Recordings
In order to assess animal welfare through ethological parameters, two daily 45-minute sessions were conducted for each individual; one in the morning (10.30 a.m. -11.30 a.m.) and one in the afternoon (4.00 p.m. -5.30 pm). Twenty sessions per subject were run for a total of 900 minutes per individual. All observations were performed by the same researcher, in particular, one of the authors of this article. The Continuous Focal Animal Sampling method was used to record both individual and social behaviors overtime and the duration of each type of behavior (1) . The ethogram of the behaviors recorded is reported in table 1. Furthermore, abnormal behaviors were recorded, in particular, pacing, which is a typical stereotypic behavior of captive big cats. The animal shows behaviors aimed at physiological conservation (for example: eat, drink, cough, shake the body, defecation or urination without leaving signs)
Self-grooming
Licking / scratching one or more parts of its body, carding its hair, sharpening its nails. The animal may be lying down, sitting or maintaining quadrupedal station
Territoriality
The animal moves along the entire perimeter of the fence, yawns, marks the territory by urinating / spraying, scratches vegetation
Pathological behaviour
Pacing
The animal walks the same straight/circular path repetitively with turning points at the same location each time, repeating the action at least two times 
Fecal Cortisol Analysis
Over the study period, fecal samples were collected from both subjects: 5 samples from the male and 9 samples from the female. Fecal samples were generally collected in the morning, after releasing the animals into the exhibit area. However, when the male fecal samples were not found in the indoor area, the male was observed in order to locate the male feces, and then the male fecal sample was collected after the tigers returned to the off-view exhibit area in the late afternoon. Samples were collected in small plastic bags, sealed, and then stored in a -20°C freezer before proceeding with analysis. The concentration of fecal cortisol and its metabolites was determined by enzyme immunoassay (EIA) using the commercial kit: Arbor Assays DetectX® Cortisol Enzyme Immunoassay Kit K003-H1W. The kit is designed to quantitatively measure the presence of cortisol in dried fecal extracts, saliva, urine, serum, plasma and tissue culture media samples. The kit has been developed for extracted fecal samples and has been validated with multiple animal species. Initially, the extraction procedure for steroid hormones, proposed by Schatz and Palme was used (48) . Subsequently, hormonal dosage was carried out and the cortisol concentration of each sample was calculated using the 4PLC software.
Statistical Analysis
The data collected from this single-case research on the duration of each type of behavior was analyzed by using a nonparametric analysis (16, 52) . The tests carried out using the Statview statistical software were: the Wilcoxon test, in order to compare the behaviors of each subject in the morning and in the afternoon and the Mann-Whitney test to underline the similarities and differences between the two tigers. In all tests, the level of statistical significance was set at P < 0.05.
RESULTS
Normal Behaviors
The male showed significantly greater individual normal activity in the afternoon (993. Comparing the individual normal behaviors of the two animals, results highlight that in general, the female was significantly more active than the male in the morning (Mann-Whitney test: U Prime = 95.000; P = .0006). Indeed, during the morning, the female presented significantly greater attention and exploration than her companion did (Mann-Whitney test: U Prime = 90.000; P = .0006; Mann-Whitney test: U Prime = 95.000; P = .0006, respectively). Furthermore, during the morning, the female expressed significantly more locomotion and maintenance than the male (Mann-Whitney test: U Prime = 91.000; P = .0018, Mann-Whitney test: U Prime = 82.500; P = .0056, respectively). In addition, the female showed significantly more individual play than the male, both in the morning (Mann-Whitney test: U Prime = 80.000; P = .0052) and in the afternoon (Mann-Whitney test: U Prime = 77.500; P = .0263). Moreover, results show that self-grooming behavior was manifested significantly more by the female than the male both in the morning (Mann-Whitney test: U Prime = 85.000; P = .0019) and in the afternoon (Mann-Whitney test: U Prime = 90.500; P = .0013). Territoriality is the behavior which was performed significantly more by the male than the female in the afternoon (Mann-Whitney test: U Prime = 91.000; P = .0019).
Pathological Behaviors
The female showed pathological behavior both in the morning (450.7 ± 380.78 sec) and in the afternoon (831.1 ± 551.7 sec) (Wilcoxon test: P > .05) (Figure 1b) , whereas the male did not perform any pathological behaviors either in the morning (Mann-Whitney test: U Prime = 90.000; P = .0006) or in the afternoon (Mann-Whitney test: U Prime = 95.000; P = .0002) (Figure 1a ).
Intraspecific Interaction
In the case of the male, no significant differences in interaction (2.5 ± 4.67 sec, 36.8 ± 74.87 sec respectively) were found between morning and afternoon and neither in agonistic social behaviors (13.6 ± 36.52 sec, 29.8 ± 41.52 sec, respectively) (Wilcoxon test: P > .05) (Figure 3a) . Whereas the female showed significantly more agonistic social behavior By comparing the social behaviors of the two tigers, results underline that during the morning the female showed significantly more interaction than her companion (Mann-Whitney test: U Prime = 78.000; P = .0264), whereas during the afternoon she performed significantly more agonistic social behavior than the male (Mann-Whitney test: U Prime = 76.500; P = .0423). Reproductive behavior was never observed due to fact that the female had a contraceptive implant.
Interspecific Interaction
Focusing on attention to visitors and to keepers, findings highlight that the male showed significantly greater attention to visitors in the afternoon (45.5 ± 33.22 sec) than in the morning (3.8 ± 5.35 sec) (Wilcoxon test: z = -2.668; P = .0076) (Figure 4a ), as well as to staff (afternoon: 11.1 ± 14.8 sec) (morning: 0.3 ± 0.95 sec) (Wilcoxon test: z = -2.524; P = .0116) (Figure 4a ). No significant differences were found between morning and afternoon in female interspecific interaction (Figure 4b ). Furthermore, in the morning, the female showed significantly more attention to visitors than the male (Mann-Whitney test: U Prime = 96.000; P = .0004). In addition, the female showed significantly greater attention to staff than the male did both in the morning (Mann-Whitney test: U Prime = 94.500; P = .0003) and in the afternoon (Mann-Whitney test: U Prime = 77.000; P = .0408). * * 
Assessment of Fecal Cortisol Concentrations
Regarding the male, the concentration of fecal cortisol was fairly constant, with values that did not exceed 19.56 ng/g feces (sample 4) (Figure 9a) . The values recorded were: 10.59 ng/g feces (sample 3), 8 .69 ng/g feces (sample 1), 7.12 ng/g feces (sample 2) and 6.26 ng/g feces (sample 5) (Fig 5a) . Considering the female, concentrations were quite variable; in particular, two peaks were recorded: 84.79 ng/g feces (sample 8) and 82.94 ng/g feces (sample 2). Afterwards, the concentrations detected were: 48.19 ng/g feces (sample 7), 44.89 ng/g feces (sample 6), 15.81 ng/g feces (sample 4), (Figure 5b) . Furthermore, the two animals were then compared. The median value for the male was lower than that obtained for the female, although no statistically significant difference was recorded (Mann-Whitney test: P > .05) ( Table  2 ). 
DISCUSSION
In literature, there is a general consensus that the limitations of a captive environment can lead to the performance of stereotypic behavior (29, 53, 57) . Tigers are one of those species that can show problematic behavior in captivity (29) . Moreover, the social environment and rearing technique might affect the normal behavior of the tiger (25, 31) . Research is important to assess the welfare of these animals in order to adopt strategies to highlight species-specific behavior. Animal welfare can be assessed using both ethological and physiological parameters (38, 51) . For most of the day, tigers are inactive or patrol their territory (65), whereas hunting takes place at night, even though some hunting can occur during the daytime (55) . Furthermore, the tiger is an elusive species that makes it difficult to track how many of these animals exist in the wild (24) . Furthermore, it may be difficult to see the tiger also in captivity when the enclosure permits the animal to express its elusive character. During the day, the tigers of this study, when visible, patrolled their territory and showed attentive behavior, which is essential for these animals (47) . Most of the day, the male tiger in particular, was not visible showing elusiveness, a typical characteristic of this species. However, when subjects are hand-reared, the effect of rearing could change some species-specific behaviors. Indeed, during the day, the hand-reared female was more visible than the male, indicating that the presence of an audience may not be an element of disturbance (23) . Both specimens also displayed more individual behavior and rarely took part in social activities. Indeed, the tiger is a solitary species, with the sole exception of coupling and the period in which the female takes care of her cubs (56) . To remain on high alert relying primarily on sight and hearing is a species-specific behavior of tigers (47) . Furthermore, exploration, locomotion, maintenance and territoriality are natural behaviors of big cats (49, 65) . Both the male and female of this research performed all these behaviors and no significant differences were found between the two subjects. This result underlines the fact that the observed subjects showed the natural behaviors of big cats, even in captivity (65) . However, while problematic behavior was not performed by the male, the female expressed abnormal behavior, in particular, pacing was observed. Pacing is one of the possible behavioral problems found in wild felines in zoos (23, 27) . The self-grooming behavior is a species-specific behavior. However, when this behavior was performed more than other individual behaviors, the condition of the animals was considered as a possible bad condition (3, 63) . The duration of self-grooming performed by the two tigers was less than all the other individual behaviors apart from territoriality highlighting a normal distribution of this behavior. Territoriality was manifested significantly more by the male than by the female, often by spraying urine and by rubbing his cheeks and chin on vegetation (49) . This is a species-specific behavior manifested by males in order to defend and mark their territory to communicate to conspecifics the ownership of this (56) . An important result of this study was the presence of individual play. This behavior is naturally shown by young animals and is usually not present in adults (49) . However, the female of this study performed individual play more frequently than the male. Analyzing social activity, we distinguished intraspecific interaction and interaction with non-conspecific specimens, with particular reference to human beings. As regards intraspecific interaction, we found both affiliative and agonistic interactions typical of the species (49) . The female showed intraspecific behaviors, in particular submissive behavior, especially in the afternoon when the male was more active. Another relevant result was that the female tiger repeatedly attempted to interact with her fellow involving him in gambling behavior showing a behavior typical of cubs even though the male did not respond to her behavior. The female, therefore, seems to not have developed the social skills necessary to establish regular interaction with a conspecific. This can be related to the fact that the animal was hand-reared, which can cause the inability of the adult to properly relate with conspecifics (23, 25, 31) . Interspecific social behavior, uncommon in nature, has great importance in a controlled environment and interspecific interaction varies greatly from subject to subject, being influenced by the experiences of each individual (23) . The female tiger of this study showed a significantly higher interspecific interaction than the male due to the fact that the animal was hand-reared by human staff and not parent-reared. The handrearing strategy may alter the normal imprinting process of a subject, compromising his ability to relate well with other individuals be it with conspecifics or non-conspecifics (23) . The findings of this study underline that the male seemed to have a good expression of the typical behaviors of the species, with distribution throughout the day concordant with what is reported in literature (65) . Whereas, the female, alongside typical behaviors also performed atypical behaviors. Indeed, the female performed stereotypical pacing likely to be related to the weaning and hand-rearing of the subject resulting in altered social and individual behaviors (23) . This was related to the strong presence of play and frequent submission performed by the female. Housing males and females together in captivity is reported to enrich the everyday life of the tiger (17) . From our study it emerged that this may be true for the male, but not for the female. As regards the physiological approach to the assessment of animal welfare, it is widely recognized that the evaluation of the hormonal response and, in particular of the glucocorticoid response to stressful stimuli, is of fundamental importance (9, 40, 64) . The measurement of fecal cortisol can be useful to study animal welfare in the zoo environment assessing responses to stressors. Indeed, the excretion of metabolized blood steroids into the feces permits the monitoring of physiological functions without disturbance to animal subjects (36, 64) . Moreover, given that the pooling of metabolites during excretion reduces the episodic secretion of blood glucocorticoids, it can be concluded that the analysis of fecal steroid metabolites gives a more representative measure of adrenocortical activity overtime (64) . There are some limitations in the assessment of animal welfare through fecal cortisol levels. Indeed, there is a considerable inter-individual, as well as intraindividual variability (40) . In animals, such as cats, dogs and chimpanzees, an important inter-individual variability has been found with significant differences in individual baseline fecal cortisol levels (40, 48, 60) . As regards intra-individual variability, some biological issues may affect fecal cortisol levels, for example, length of time in captivity, normal daily and seasonal variation in glucocorticoid excretion, reproductive status, sex, body condition or the animal's diet (7, 28, 34, 41, 54, 59, 61, 62) . This makes comparing subjects difficult. It is therefore good practice to perform baseline measurements so that each individual may be considered as his own control (39, 40) . In addition, evaluation of the current welfare state of an animal is made more difficult by the lack of reference values for wild and zoo animals. All the above leads to a greater difficulty in interpreting results (34) . In this study, the analysis of fecal cortisol did not confirm the ethological results. Indeed, the female did not show significantly higher cortisol levels than the male. The appearance of behavioral changes, as well as the expression of pathological attitudes, did not necessarily correspond to a significant increase in the production of cortisol (14, 46) . The evaluation of ethological parameters in assessing animal welfare may be considered a particularly sensitive method in order to detect a state of stress (2) . However, a more accurate collection of samples in relation to the behavioral data collection is recommended for further studies.
CONCLUSION
In conclusion, the results of this study seem to confirm the importance of assessing the animal welfare of big cats since they may show abnormal behavior. Moreover, physiological and ethological parameters are necessary to underline the stressful condition of the animals. However, ethological parameters are more relevant and sensitive than physiological O c t o b e r 0 9 , 2 0 1 5
ones. Management of felines in captivity seems to be related to a main factor: the particular inclination of these animals to show abnormal behavior, such as stereotypical pacing behavior (13, 23, 27) , when hand-reared. The inability to properly relate with other individuals affects the process of being able to cope with the environment and with the subsequent negative effects on the well-being of the animal (23) . This study may help zoo staff to identify a problematic situation of animal welfare and take action to improve the welfare of the subjects.
